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Science Objectives

e  Galactic Annihilation Line Emission

e  Galactic ?°Al Emission

e  Pulsar Polarized Gamma-rays
Background Verification w/ Prototype Flight
Conventional and Long Duration Flights

Crab Nebula and Pulsar
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1988 Observation of SN-1987a
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Compton Telescope with Recoil Electron
Tracking and Electron Direction-of-Motion (DOM)
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Direction Of Motion for Stopping Electron Tracks

Three Layer Events
Percentage with Positive DOM: 76%
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DOM distribution for *°Sr elec-
trons stopping in 4 Si layers. 85%

have positive values.

Direction-Of-Motion Farameter

Laboratory tests with electrons traversing multiple layers of silicon strip detec-
tors have been compared with computer simulations. The purpose is to vali-
date our understanding of the electron tracking and the effect of the readout
discreteness of the strip detectors. A least square method was used to obtain
the most probable location of the electron intersectio n within each strip. This
figure shows the measured projected scatter angle for ~2 MeV electrons aver-
aged over 6 layers. The cross-hatched histogram shows the simulation. The

average angle is ~15°.
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Compton Scatter Performance

Angular Resolution (ARM) at 60° Compton Scatter Angle
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Incident Energy (MeV)

If the calorimeter resolutions can be reduced
to 2 keV and 1 mm (e.g., w/ Ge or CZT), then
the instrument angular resolution is limited
only by the Doppler Broadening limit.

The angular
resolution at 1
MeV is 2° (1S).

It is dominated by
the Csl calorimeter
energy resolution.
The total measured
energy is
unaffected by the
Doppler
broadening.
Doppler
broadening in the
silicon
converter/tracker
contributes 0.4°.




(a) 50-100 MeV w/ GLAST
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Gal. Long.
(b) 50-100 MeV w/ TIGRE

Pair Event Performance
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Comparison of GLAST and TIGRE angular

resolutions. EGRET galactic diffuse
emission and EGRET discrete

TIGRE has 6° and 0.8° (68 % ) resolutions at 10 sources in Galactic Center

and 100 MeV. region at 50-100 MeV,
deconvolved with GLAST and
TIGRE PSFs.




TIGRE Mass Model

BASELINE MASS MODEL

AL SHELL
70 CM RADIUS

2 mm thick \

(beam size for PLASTIC ANTI COINCIDENCE SHIELD
incident vy, n) /

SSD 8 mm spacing, 0.8 mm pitch

Mass Model

Si: 32 layers x 300 . (40 cm x 40 cm)

Csl: Bottom 57 kg, Sides 192 kg

Anti: 1.5 cm thick Scintillator Plastic

PCB: 1 cm thick, Bottom 3 kg, Sides 18 kg
AL: Bottom 103 kg, Sides 24 kg, Shell 34 kg

460




Atmospheric Gamma and Neutron Backgrounds

Detected Gamma-Ray and Neutron Background Events
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Simulation with Full Mass Model

Source &
Source +

e 7-hour exposure at 3 mb Background

* 1x10% Crab source gammas (E-2 >1 MeV)
* 20x10° background gammas
(scaled down from 3.24x108)

 2x10° source and 9.3x103 (scales to 1.5x10°)

background events detected Compton

Angle Cut

e Cuts reduce background by 90 % e W . (>35)

Maximum likelihood sensitivity analysis
with 1-D PSF

e Crab detected at 9.6 S (scaled to true
background) ] . )

 7x10 ph cm™2 s1 (3s) integral sensitivity > Z ) FOV (+70°)
1 MeV in 7-hours exposure | Cut

* Crab source location accuracy in 7 hours: T Y ", - (includes
4° error circle (68%) ‘ | :

e Further improvement possible with 2-D PSF




MICRON Semiconductor 10 cm x 10 cm x 300 mm
Silicon Detector w/ IDE AS TAA1 Chip

1

I L I

\_ PN junction side

A.C. Coupled: 1000 pF

Polysilicon Bias Resistors: 50 Mohm
Pitch: 758 mm, 128 strips per side
Active Area: 9.73 cm?

Full Depletion (FD): 50V max.




TIGRE Detector Components

Mosaic of 4 Silicon Detectors Stack of 16 Layers
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Preliminary Si1 Noise Measurements

Noise Level (e) for 256 Channels w/o Si Detector
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TIGRE Si Detector Test Results

Silicon Detector
Electron Energy Loss
VS
Channel Number

Silicon Calibration, Ba-133 lines
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Silicon Spectra (18 cm ® 18 cm)
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* 64 Silicon Detectors

256 channels
per detector

» Each detector serially
readout to single A/D
channel

* 5 Arrays with 256
CsI-Pd detectors per
array

* NIM and CAMAC to
support Nal array &
charged particle shield

Block Diagram of Electronics
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Silicon Detector Mosaic Trigger Logic To Detectors <
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CSI-PD ARRAYS PLASTIC SCINTILLATOR
INTERFACE PCB CHARGED PARTICLE

PRESSURE VESSEL SHIELD

0.125" x 62" Inside Dia.

Prototype Balloon Payload
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Telescope Components

PMTs for Anti & Nal




Pressure Vessel
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Future Balloon Flight Program

2005: Continental US flight for background verification and initial polarized
observations of the Crab pulsar.

2006: Instrument upgrade-increase silicon layers to 32

2006: Southern hemisphere mid latitude conventional flight.

Upgrade instrument (4 towers): Long Duration (10 days) Balloon Flight as part of a
SMEX/MIDEX Opportunity

Trajectory Band for Mid- Exposure in Galactic Coordinates
Latitude

ULDB exposure map

L —

Maximum exposure to galactic center
with zero exposure at geographic poles




TIGRE Concept
Silicon Converter/Tracker

» Thin Detectors w/ Electron Tracking

» Direction-of-Motion Parameter

» Unique Event Reconstruction

» Improved PSF & Background Rejection

» Single Converter Interaction

» Minimum Doppler Broadening

> Excellent Energy & Spatial Resolutions
High-Z High Density Calorimeter

» High Compton Photon Absorption

> Excellent Energy & Spatial Resolutions




 Area = 14.4x10° cm?

* Efficiency = ~5% @1 MeV

o Effective Area = 720 cm?
*DB=04°(15s) @1 MeV
*DE=5keV(1s) @1MeV

* FOV =+ 7(°

* 300 keV-100 MeV

* Electron tracking to 500 keV

* Direction-of-Motion

* Unique event incident direction
* Pair events to 100 MeV

* Polarization to 2 MeV

e Minimum Doppler Broadening
* Sensitive mass: 820 kg

* Charged particle shield

Position-Sensitive
Calorimeter Module

* 42 modules required

e CdZnTe detector elements

*Z,..,=49.1, r =579 g/cm?
2 cm x 2 cm x 2 cm thick
* 11.6 g/cm? of CZT

e 1 mm position res. (3D)

* 400 elements per module

* Module area: 1600 cm?

«18.5 kg of CZT

Converter/Tracker Module

* Nine (9) modules required
e Silicon Strip Detectors
*Z=14,r =2.3 g/cm?

* Double-sided

* 10 cm x 10 cm x 150mm thk
* 0.78 mm strip pitch

* 128 strips/side

* 16 detectors per layer

* 80 layers

* 0.5 cm layer spacing

* 2.8 g/cm? of Si

* Module area: 1600 cm?

¢ 4.64 kg of Si




